Abstract. Use of the coal in order to generate electricity increases the exposure of people to radiation. In this paper, the activity concentrations of nuclides 226 Ra, 232 Th and 40 K in samples of coal and bottom ash from the Yatagan Coal-Fired thermal power plant determined using gamma ray spectrometer with a NaI(Tl) scintillation detector. 
Introduction
Energy is one of the most important inputs to the economic and social development of a country. Much of the energy needed in the world is met by fossil sources such as coal and natural gas. The most important share of fossil energy resources in Turkey belongs to the coal mine. According to World Energy Council statistics, world coal reserves freeze to 861 billion ton [1] . About 1.7% of the world's coal reserves are in Turkey. Coal is used as fuel in coal operated power plants to generated electricity in Turkey. Coal and lignite fueled thermal power plants in Turkey reported total electricity generation of 90.335 GWh per year. In the composition of fuels such as coal, there are fewer or more natural radioactive substances, such as 226 Ra, 210 Po and 210 Pb, as well as 40 K, derived from 238 U and 232 Th. The uranium and other radioisotopes in the lignite coal burned at high temperatures in thermal power plants becomes enrich and passes to the ash. Part of the heavy ash falls down to the bottom of the furnace as "bottom ash" together with unburned organic matter, while light ashes are transported along with hot gases to the pail and form fly ash. The average activity concentrations of 226 Ra, 232 Th and 40 K in coal according to UNSCEAR are 20, 20 and 50 Bqkg -1 , respectively [2] [3] [4] . The fly ash formed by burning the coal causes the radioactive materials to spread in the atmosphere. A large proportion of the radioactivity is remains in the bottom ash after combustion. About 0.5-2 % of the total ash resulting from the fly ash combustion is released to the atmosphere and this event creates a potential risk for the very close environment of the coal fired power plant [5] . The amount of coal required to produce 1 GWh of electricity per year is 3×10 9 kg. As a result, the radioactive pollution given to the atmosphere per year is 4000 MBq for 40 214 Pb etc.) can be taken into the body through the respiratory tract and increase the risk of cancer by damaging the lung tissue [6] . In this study, the activities of natural radioactive elements were determined in the samples of coal and bottom ash.
Material and method

Preparing samples for measurement
Yatağan Thermal Power Plant has 3x210 MW power is located in Muğla, which has a significant portion of Turkey's lignite reserves [7] . In this paper, radioactivity measurements were made in the samples of bottom ash generated by burning of coal and coal used as fuel in Yatağan Thermal Power Plant. All samples were dried for one day in the oven at a preheated of 100 degrees. The dried samples were put in standard vessels and the mass and date of creation were recorded. Each sample vessel was wrapped with parafilm to provide a seal. 226 Ra and 232 Th in all samples were expected to reach a radioactive equilibrium for a month.
Gamma measurements
Gamma spectrometric measurements of 226 Ra, 232 Th and 40 K in the samples were carried out by the agency of scintillation gamma-ray spectrometer with a sodium iodide (NaI) detector. The calibration of the detector performed using photo peaks from radioactive standards IAEA-RGU-1, IAEA-RGTh-1 and IAEA-RGK-1 reference materials. The detector has an energy resolution of 46 keV at 622 keV 137 Cs. Table  2 . So, it can be said that bottom ashes show higher activity concentrations of related radionuclide to coal samples. The data obtained is higher than the data in UNSCEAR report [2, 3] .
Equivalent radium activity
This parameter is calculated by multiplying the corresponding radioactive elements by different coefficients and this calculation is shown in the following Equation [8, 9] .
Where A Ra, A Th and A K are the activities of 226 Ra, 232 Th and 40 K , respectively. As seen in Table 1 and Table 2 , the equivalent activities calculated for bottom ash are about twice that of coal. Where A Ra, A Th and A K are the activities of 226 Ra, 232 Th and 40 K, respectively. As seen in Table 1 and Table 2 , the equivalent activities calculated for bottom ash are about twice that of coal. 
Calculation of gamma doses
The gamma dose taken in the air (D R ) at a height of 1 m from the 226 Ra, 232 Th, and 40 K found in the structure of the material was calculated by the following Equation [10] .
where A Ra , A Th and A K are the activity concentrations of 226 Ra, 232 Th, and 40 K in Bqkg -1 , respectively. External absorbed gamma dose rate calculated for coal and bottom ash samples are shown in Table 1 and Table 2 . The calculated average value for coal is 56.9±4.4 nGyh -1 while the calculated value for bottom ash is 90.8±6.5 nGyh -1 . The dose rate in airdoors from terrestrial gamma rays in normally is around 60 nGyh -1 , with the mean range from 10 to 200 nGyh -1 , according to the UNSCEAR 2000 report [11] .
The calculated results for coal and bottom ash samples are 68.6±5.1 and 110.3±11.2 µSvy -1 , respectively. According to the UNSCEAR 2000 report, this value was announced as 70 µSvy -1 for the world average [11] . It can be said that the mean value calculated for coal is around the world average. But the mean value for bottom ash is above the world average. 
Conclusions
Muğla is located in Turkey, where has a significant portion of lignite reserves, and, 226 Ra, 232 Th, and 40 K radioisotopes are naturally found in these lignite coals by various measurements. The purpose of this study is to make measurements of natural radioactivity in samples of coal and bottom as samples taken from Yatağan CoalFired Power Plant basin in Muğla. The results show that the natural radioactivity of the bottom ash is about 2 times that of the coal natural radioactivity and this is an expected result. It can be said that the concentrations of radium, thorium and potassium in coal and bottom ash samples are slightly above the world average in the finds obtained.
